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Abstract 
 
  Raman spectroscopy of the mineral uranopilite at 298 and 77 K has been 
obtained and used to elucidate the structure of the mineral at the molecular level. A 
single intense band at 1010 cm-1 is assigned to the ν1 (SO4)2- symmetric stretching 
mode.  Three low intensity bands in the 298 K Raman spectrum are observed at 1143, 
1117 and 1097 cm-1and  in the 77 K spectrum four bands at 1148, 1130, 1118 and 
1106 cm-1. These bands are attributed to the ν3 antisymmetric stretching modes.  A 
series of infrared bands are found at 1559, 1540, 1526 and 1511 cm-1 attributed to δ 
UOH bending modes.  Three bands are observed at 843, 835 and 819 cm-1 in both 298 
and 77 K spectra attributed to the ν1 symmetric stretching modes of the (UO2)2+ units. 
In the infrared spectra bands are observed at 941, 929 and 910 cm-1 and are assigned 
to the ν3 antisymmetric stretching modes of the UO2 units.  These values are used to 
calculate UO bond distances.  Multiple OH stretching modes prove a complex 
arrangement of OH groupings i.e. water molecules and OH- ions, and hydrogen 
bonding in the crystal structure of uranopilite.   
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1. Introduction 
 
                                                 
• Author to whom correspondence should be addressed (r.frost@qut.edu.au) 
The realisation of the mobility of actinide compounds is of increasing 
importance. This is particularly so when uranium deposits are located in sensitive 
environmental areas such as national parks eg Kakadu national Park in Australia. 
Uranyl sulphate solid state and solution chemistry plays one of the most important 
roles in the actinide chemistry, mineralogy, geochemistry and “environmental 
chemistry” with regard to uranium(VI) migration in natural waters and to spent 
nuclear fuel problems. The formation of uranyl sulfate minerals can result from the 
oxidation of sulfide ores and the formation of acid sulfate soils [1].  These acid sulfate 
enriched soils can result in the increased mobility of uranium from uranium mineral 
deposits and radioactive waste repositories. Actinide sulfate complexes inclusive 
those of uranium are to be reflected in migration from a nuclear waste repository or in 
accidental site contamination. To gain an understanding of the geochemical behavior 
of such materials, a fundamental knowledge of actinide sulfate chemistry and 
mineralogy seems to be needed.   
 
 The chemistry of uranyl sulphate minerals has been undertaken for some 
considerable time [2-10].  Of the valid species  X-ray diffraction studies exist for 
deliensite [11], johannite [12, 13], rabejacite [14-16], uranopilite [8], jáchymovite 
[17], marecottite [1] and some natural and synthetic zippeites [18]. Other minerals 
have been discovered in the uranyl sulphate group and their parameters elucidated [1, 
19-26]. Single crystal structures of johannite [27], uranopilite [28][15], marecottite [1] 
and some natural or synthetic zippeites [13, 16] were determined. Nováček [29, 30]  
assumes that uranopilite, having the general formula 6UO3.SO3.xH2O (x = 16 or 17), 
contains 16 or 17 H2O. Frondel [1958] writes that the best formula for uranopilite is 
(UO2)6(SO4)(OH)10.12 H2O [12, 31].  Nováček [29, 30] also describes a natural phase 
which he calls β-uranopilite, (UO2)6(SO4)(OH)10.5H2O, later named meta-uranopilite 
by Frondel [18]. Nováček [30, 32] assumes that this natural phase may be a product of 
partial dehydration of uranopilite. However, it was proved [33, 34] that a phase 
corresponding to meta-uranopilite is not formed by dehydration of uranopilite. 
Uranopilite dehydration and dehydroxylation processes partly overlap and are 
connected with the formation of X-ray amorphous phases. Partly dehydrated 
uranopilite, the composition of which corresponds to meta-uranopilite, is also X-ray 
amorphous [18, 19]. Thus, meta-uranopilite has remained as one of the unsufficiently 
described uranyl minerals [35]. Some new not yet approved and published uranyl 
sulphate minerals have been also mentioned [36-40].  Recently Burns [15] published a 
crystal structure for uranopilite and showed the formula to be 
[(UO2)6(SO4)O2(OH)6(H2O)6](H2O)8. The mineral is of space group P1 and consists of 
six distinct U6+ cations forming part of a uranyl (UO2)2+ chain.  Burns states that the 
uranyl ions are each coordinated by five ligands arranged at the equatorial vertices of 
pentagonal dipyramids and uranyl sulphate chains are linked to form the extended 
structure by hydrogen bonds bridging directly between the chains and to interstitial 
H2O groups [25].  
 
 The infrared spectroscopy of uranyl sulphate compounds has been undertaken 
for some time [7].  The spectroscopy has been based on treating the components of 
uranopilite as separate vibrating entities [17, 41]. Thus the infrared spectra are 
assigned to (UO2)2+, (SO4)2-, (OH)- and H2O units. Whether such as assumption is 
valid is questionable.  One of the difficulties of studying the uranyl minerals is the 
potential overlap of bands from these different units. Both the ν1 and ν3 SO4 stretching 
modes may overlap with UOH deformation modes.  Čejka et al. have shown that a 
band at 930 cm-1 is assignable to the antisymmetric stretching modes of the (UO2)2+ 
units.  The band appears to be very variable in position for zippeites [42]. Bands were 
identified at between 880 and 924 cm-1 and the position was apparently dependent on 
the method of spectral data collection [42].  The intensity of the ν1 symmetric 
stretching vibration was very weak in the infrared spectrum of uranopilite and the 
band at 840 cm-1 was assigned to this vibration.  Čejka reported the ν3 antisymmetric 
stretching vibrations of the SO4 units at 1139 and 1118 cm-1 for one uranopilite 
sample and nine absorptions in the 1191 to 1067 cm-1 range for a second uranopilite 
sample [42].  Infrared absorption bands at 637 and 602 cm-1 were ascribed to the ν4 
(SO4)2- bending modes [42].  The results of the infrared spectra as published by Čejka 
suggest a sample dependence of the vibrational modes of uranopilite and uncertainty 
exists in the actual position of the bands.   
 
 As part of our on-going research into the use of vibrational spectroscopy in 
particular Raman spectroscopy to assist in the elucidation of the structure of minerals 
especially secondary minerals, we report the Raman and infrared spectra of 
uranopilite samples from different origins. These spectra are then related to the 
mineral structure. 
 
2. Experimental 
2.1 Minerals 
 
The uranopilite minerals used in this work were obtained from Museum 
Victoria and are listed in Table 1. 
 
2.2 Raman microprobe spectroscopy 
 
The crystals of uranopilite were placed and orientated on the stage of an 
Olympus BHSM microscope, equipped with 10x and 50x objectives and part of a 
Renishaw 1000 Raman microscope system, which also includes a monochromator, a 
filter system and a Charge Coupled Device (CCD). Raman spectra were excited by a 
HeNe laser (633 nm) at a resolution of 2 cm-1 in the range between 100 and 4000  
cm-1.  Repeated acquisition using the highest magnification was accumulated to 
improve the signal to noise ratio. Spectra were calibrated using the 520.5 cm-1 line of 
a silicon wafer. In order to ensure that the correct spectra are obtained, the incident 
excitation radiation was scrambled.  Previous studies by the authors provide more 
details of the experimental technique. Spectra at liquid nitrogen temperature were 
obtained using a Linkam thermal stage (Scientific Instruments Ltd, Waterfield, 
Surrey, England).  Details of the technique have been published by the authors [43-
46]. 
 
 
2.3 Infrared Spectroscopy 
 
Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer 
with a smart endurance single bounce diamond ATR cell. Spectra over the 4000−525 
cm-1 range were obtained by the co-addition of 64 scans with a resolution of 4 cm-1 
and a mirror velocity of 0.6329 cm/s.  
 
Spectral manipulation such as baseline adjustment, smoothing and 
normalisation was performed using the GRAMS® software package (Galactic 
Industries Corporation, Salem, NH, USA).  
 
 
3. Results and discussion 
 
  The Raman spectra recorded at 298 and 77 K and the infrared spectra 
of the 1000 cm-1 region of four uranopilite samples (chiefly from Australian deposits) 
are shown in Figure 1 and the results of the spectral analyses are reported in Table 2.    
 
                         The D∞h symmetry of the free uranyl, UO22+, and Td symmetry of the 
SO42- groups lowering causes infrared and Raman activation of all UO22+ and SO42- 
vibrations and splitting of doubly and triply degenerate vibrations in the spectra of 
uranopilite. Six symmetrically distinct uranyl groups and only one symmetrically 
distinct sulfate group are present in the crystal structure of uranopilite [15]. According 
to Hawthorne [47-49] from the general point of view, and the conclusions by Burns 
[15] concerning uranopilite, hydrogen bonding is of fundamental importance to the 
stability of the structure of uranopilite. Burns also proposed hydrogen bonding 
network in the crystal structure of uranopilite on the basis of crystal-chemical 
arguments. The tentative assignment of the bands observed is therefore made with 
regard to all these assumptions. Possible influence of sample preparation [19] on the 
recorded spectrum has been taken into consideration.  
The bands which may be attributed to the SO42- vibrations are tentatively assigned 
with respect e. g. of papers by Serezhkin et al. [50] and Serezhkina et al. [51],  
Volod’ko et al. [52], Nakamoto [53], Čejka et al. [13], Cejka [54] and Myneni [55] .       
 
 A single intense band is observed in the Raman spectrum of uranopilite 
sample m48666 from Ranger No 1 deposit at 1010 cm-1.  The band is assigned to the 
ν1 (SO4)2- symmetric stretching mode. The band is observed at 1012 cm-1 in the 77 K 
spectrum.  In the infrared spectrum of this sample a low intensity band is observed at 
1005 cm-1 and is assigned to this vibration.  In the infrared spectrum of sample 
m40778 the band is observed at 1010 cm-1.  The Raman spectrum of this sample 
shows an intense band at 1011 cm-1.  For sample m34904 a band was observed at 
1011 cm-1 in the Raman spectrum but no intensity was observed in this position in the 
infrared spectrum. For sample m23464 from the Les Bois-Noirs Mine, Loire, France, 
the band is observed at 1011 cm-1 in the Raman spectrum at both 298 and 77 K. The 
position of this band is in good agreement with the band observed in the infrared 
spectrum of uranopilite as published by Čejka [42].   
 
 Three low intensity bands in the 298 K Raman spectrum are observed for 
sample M48666 at 1143, 1117 and 1097 cm-1.   In the 77 K spectrum four bands are 
observed at 1148, 1130, 1118 and 1106 cm-1. These bands are attributed to the ν3 
antisymmetric stretching modes of the (SO4)2- ions. In the infrared spectrum a broad 
profile is observed which may be band analysed into component bands at 1160, 1141, 
1118, 1099, and 1073 cm-1. Čejka reported nine absorptions in the infrared spectrum 
of one uranopilite sample and two bands at 1139 and 1118 cm-1 for a second 
uranopilite sample [42].  The ν3 (SO4)2- antisymmetric stretching vibration is triply 
degenerate and may coincide with UOH deformation modes; thus adding to the 
complexity of the spectra in this region. The Raman spectra do not show the 
complexity of the infrared spectra.  In this region for sample m40778 three bands are 
observed at 1142, 1118, and 1097 cm-1.  In contrast the infrared spectrum shows a 
broad profile with a number of overlapping bands.  IR bands are identified at 1186, 
1163, 1143, 1126, 1094 and 1053 cm-1. For sample m34904 Raman bands are 
observed at 1143, 1117 and 1098 cm-1 and infrared bands are observed at 1138, 1117 
and 1098 cm-1. As mentioned above, some of these bands may be attributed to the δ 
U-OH bending vibrations.  
 
 There are a series of bands which are present in the infrared spectra of 
uranopilite but which are absent in the Raman spectra (Figure 2). In the infrared 
spectrum of sample m40778 three bands are observed at 1666, 1630 and 1595 cm-1 
and are assigned to the water HOH bending modes.  For sample m34904 bands are 
observed at 1664, 1625 and 1575 cm-1.  The observation of three different bands in 
this spectral region is indicative of water in three hydrogen bond strengths.  The band 
at 1664 cm-1 is indicative of strong hydrogen bonding whereas the band at 1630 cm-1 
is ascribed to weak hydrogen bonded water.  The bands at around 1595 cm-1 are 
attributed to non-hydrogen bonded water.  Čejka reported two bands at 1681 and 1620 
cm-1 for two uranopilite samples [42].   Observed bands prove that structurally 
different water molecules are present in the crystal structure of uranopilite. This is 
consistent with Burns [15]. In the infrared spectrum of uranopilite mineral m48666 
two bands are found at 1534 and 1421 cm-1; in the infrared spectrum of m40778 
bands are observed at 1539, 1513, 1444, 1422, 1399 and 1382 cm-1; in the infrared 
spectrum of m34904 bands are observed at 1559, 1540, 1526 and 1511 cm-1. The 
assignment of these bands is open to question but one possible attribution is to δ UOH 
bending modes.   
 
There are six structurally distinct uranyls in the crystal structure of uranopilite 
[15]. Six bands related to the ν3 UO22+ (infrared spectrum) and   the ν1 UO22+ (Raman 
spectrum) may be but need not be observed. The number of expected bands is usually 
lower. A set of bands is observed in the infrared spectrum which is not observed in 
the Raman spectra in the 900 cm-1 region (Figure 1). In the infrared spectra of 
uranopilite m48666, m40778, m34904 bands are observed at 941, 929 and 910 cm-1, 
978, 929 and 908 cm-1, 982, 932, 913 and 889 cm-1 respectively. The probable 
assignment of these bands is to the ν3 antisymmetric stretching modes of the UO2 
units.  In a similar manner intense bands in a complex spectral profile are observed at 
around 835 cm-1.  Some low intensity bands at 838 and 804 cm-1 are observed in the 
infrared spectra in this spectral region. For sample m48666 three bands are observed 
at 843, 835 and 819 cm-1 in the 298 K spectrum and at 845, 835 and 820 cm-1 in the 
77K spectrum.  These bands are attributed to the ν1 symmetric stretching modes of the 
(UO2)2+ units.  There is a significant change in intensity in the Raman bands in going 
from 298 to 77K. The intensity of the band at 820 cm-1 increases significantly in 
going from 298 to 77 K.   For sample m40778 three Raman bands are observed at 
843, 836 and 820 cm-1 and a low intensity band at 826 cm-1 is observed in the infrared 
spectrum.  For uranopilite sample m34904 two bands of around equal intensity are 
observed at 842 and 832 cm-1.  For uranopilite mineral sample m23464 three bands 
are observed at 843, 840 and 822 cm-1 in the 298 K spectra and become four bands at 
844, 841, 834 and 821 cm-1. There may be also a coincidence of the uranyl stretching 
vibrations bands and those of δ U-OH bending bands.  
 
If  the observed bands are taken into consideration, approximate values for U-
OI bond lengths may be calculated using the two empirical relations by Bartlett and 
Cooney [56] expressing the relation between ν3 or ν1 UO22+ and RU-O  in uranyl . In the 
region of the wavenumbers which may be attributed to the ν3 antisymmetric 
stretching vibration UO22+, this leads for the mineral sample m48666 to U-OI bond 
lengths in uranyl RU-O = 1.756 (941 cm-1), 1.764 (929), and 1.777 (910) Å, for 
m40778 to 1.732 (978 cm-1), 1.764 (929), and 1.779 (908) Å, and for m34904 to 
1.729 (982 cm-1), 1.762 (932), and 1.775 (913) and 1.793 (889) Å. However, the 
wavenumbers 978 and 982 cm-1 are to high for being assigned to the ν3 UO22+. While 
all other calculated bond lengths are in good agreement with the data by Burns [15], 
the two ones calculated from the wavenumbers 978 and 982 cm-1 seem to be 
somewhat shorter.  These two bands may be probably related to the ν1 SO42- and/or δ 
U-OH. In the region of possible presence of bands related to the ν1 symmetric 
stretching vibration UO22+, for the mineral sample m48666 this gives 1.768 (843  
cm-1), 1.776 (835) and 1.792 (819) Å, for m40778 1.768 (843), 1.775 (836) and 1.791 
(820) Å, for m23464 1.768 (843), 1.771 (840) and 1.789 (822) Å, and for the mineral 
sample m23904 1.769 (842) and 1.779 (832) Å. These values are in good agreement 
and comparable with those published by Burns [15] on the basis of single crystal 
structure analysis of uranopilite ( Ø 1.794 Å). Bands observed approximately in the 
region 570-680 cm-1 may be attributed to the ν4 SO42- bending vibrations and those in 
the range 700-780 cm-1 to H2O libration modes. However, there may be some 
coincidence between the sulfate bending and water libration modes.          
 
 The low wavenumber region of the uranopilites is shown in Figure 3.  Bands 
in the region 360 – 560 may be assigned to the ν2 SO42- bending vibrations. Some 
bands may be also related to the ν U-Oequatorial , i.e. U-Oligand vibrations [57]. The figure 
shows the Raman spectra at 298 and 77 K. A band is observed at 405 cm-1 at 298 K 
(m48666) and 413 cm-1 at 77 K and is attributed to the ν2 bending mode of the (SO4)2- 
units.  Bands are found in similar positions for the other uranopilite minerals. Intense 
bands observed in the Raman spectra at 77 K are also connected with these ν2 SO42- 
bending vibrations.  Bands at wavenumbers lower than 320 cm-1 observed in the 
Raman spectra (Fig. 3) - not measured in the infrared spectra, are attributed to the ν2 
(δ) UO22+ bending vibrations and the lowest bands (180-211 cm-1) may be assigned to 
the lattice and/or OI-U-Oligand vibrations [52] and /or cation and anion librations [9]. 
Any unambiguous assignment of bands in this range is very complex.     
 
            Hawthorne [47, 48]writes that hydrogen plays an extremely important role in 
the structure and chemistry of the oxide and oxysalt minerals. Water molecules and 
other O-H groupings such as hydroxyls and hydrogen bonding are of fundamental 
importance to the stability of the structure of most uranyl minerals inclusive 
uranopilite [15]. Many papers discussing thermal stability of hydrated minerals (e. g. 
some uranyl silicates or uranyl phosphates) have assumed that a part of water 
molecules may be classified as zeolitic water [31, 58]. Hawthorne proves that such 
assumptions may not be correct. Uranopilite dehydrates in several steps  [33, 34]. An 
intermediate the composition of which corresponds to meta-uranopilite is in fact X-
ray amorphous. Burns [15] proposed a model for hydrogen bonding in uranopilite. 
Water molecules and hydroxyls present in the uranyl sulfate chains together with 
interstitial water molecules participate in the formed hydrogen bonding network. It 
was proved that structures of uranyl sulfate minerals are not stable and may be 
destroyed e.g. by sample preparation for X-ray and/or vibrational spectra 
measurements. Raman spectra at 298 and 77 K and the infrared spectra of uranopilite 
in the 2500 to 3700 cm-1 range are given in the Fig. 4 and Table 2. The observed 
bands attributed to ν OH stretching vibrations prove a complex arrangement of OH 
groupings i.e. water molecules and OH- ions, and hydrogen bonding in the crystal 
structure of uranopilite. There are structurally distinct water molecules (this is proved 
also by δ H2O bending vibrations observed in the 1575 – 1670 cm-1) and hydroxyls. 
The presence of strong and weak O-H…O hydrogen bonds were inferred from these 
observations [60]. Because of this “dependence” on actual arrangement of hydrogen 
bonding network, Raman and infrared spectra of uranopilite samples from various 
localities and origin may differ.                 
 
4. Conclusions 
 
 Uranopilite is an interesting mineral as the mineral decomposes in several 
steps resulting in the formation of multiple phases. Water molecules and hydroxyls 
present in the uranyl sulfate chains together with interstitial water molecules 
participate in the formed hydrogen bonding network.  Raman spectroscopy at 298 and 
77 K together with infrared spectroscopy has been used to assist in the elucidation of 
the uranopilite mineral structure. 
 
This work serves to show the application of Raman spectroscopy for the in-
situ analysis of a uranyl sulphate mineral known as uranopilite. The use of the 
microscope and associated Raman spectrometer allows single crystals are selected for 
the analysis.  It should be noted there is almost no sample preparation apart from the 
alignment of the crystals in the incident beam.  Raman spectroscopy may be used with 
a thermal stage allowing spectra to be obtained at any temperature. The collection of 
Raman data at liquid nitrogen temperature enables significantly improved band 
separation. Raman spectroscopy has by its very nature normally narrow bands as 
compared with infrared spectroscopy, and by obtaining data at 77 K, improved signal 
to noise is achieved.   
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Table 1 Sample number and location of uranopilite samples 
 
Name Number Location 
m34904 Australia, Northern Territory, South Alligator River 
m40778 Australia, Northern Territory, El Sharana Mine, South 
Alligator River 
m23464 France, Rhone-Alpes, Loire, Les Bois-Noirs Mine 
Uranopilite 
m48666 Australia, Nothern Territory, Jabiru, Ranger No. 1 
Deposit 
 
 
 
 
 
 
 
 
 
 
 
m48666 m40778 M34904 m23464 
Raman 
298K 
Raman 
77K 
IR Raman 
298K 
IR Raman 
298K 
IR Raman 
298K 
Raman 
77K 
Band 
Centre 
(cm-1) / 
Intensity 
(%) 
Band 
Centre 
(cm-1) / 
Intensity 
(%) 
Band 
Centre 
(cm-1) / 
Intensity 
(%) 
Band 
Centre 
(cm-1) / 
Intensity 
(%) 
Band 
Centre 
(cm-1) / 
Intensity 
(%) 
Band 
Centre 
(cm-1) / 
Intensity 
(%) 
Band 
Centre 
(cm-1) / 
Intensity 
(%) 
Band 
Centre 
(cm-1) / 
Intensity 
(%) 
Band 
Centre 
(cm-1) / 
Intensity 
(%) 
3549 / 1.85 
3468 / 7.41 
 
3552 / 2.26 
3506 / 0.95 
3450 / 1.94 
3182 / 1.46 
 
3574 / 4.21 
3493 / 9.66 
3391 / 
10.20 
3262 / 
21.99 
3074 / 
21.75 
2984 / 0.20 
2846 / 
13.17 
2612 / 0.73 
3542 / 2.96 
3470 / 1.85 
3383 / 8.02 
 
3567 / 3.46 
3478 / 3.30 
3397 / 
12.12 
3241 / 
19.54 
3026 / 
14.29 
2864 / 7.82 
 
3547 / 1.03 
3470 / 4.59 
 
3555 / 3.45 
3471 / 1.50 
3418 / 
16.87 
3268 / 
13.76 
3136 / 7.00 
3064 / 
17.73 
2877 / 9.92 
 
  
  1625 / 3.58 
 
 1666 / 0.71 
1630 / 1.36 
1595 / 0.89 
 1664 / 0.69 
1625 / 2.92 
1575 / 0.03 
  
  1534 / 0.90 
1421 / 0.71 
 
 1539 / 0.57 
1513 / 1.01 
1444 / 0.60 
1422 / 0.58 
 1559 / 0.01 
1540 / 0.03 
1526 / 3.09 
1511 / 0.39 
  
1399 / 0.02 
1382 / 0.20 
1421 / 0.76 
1399 / 2.34 
1143 / 1.03 
1117 / 2.17 
1097 / 0.83 
1010 / 3.09 
 
1148 / 1.10 
1130 / 1.19 
1118 / 0.29 
1106 / 2.00 
1012 / 3.14 
 
1160 / 1.17 
1141 / 0.63 
1118 / 1.24 
1099 / 0.60 
1073 / 3.26 
1005 / 0.36 
 
1142 / 0.65 
1118 / 2.94 
1097 / 1.04 
1011 / 5.53 
 
1186 / 0.69 
1163 / 0.53 
1143 / 0.19 
1126 / 1.35 
1094 / 5.89 
1050 / 3.93 
1010 / 5.68 
1143 / 1.65 
1117 / 3.43 
1098 / 2.57 
1011 / 5.17 
 
1138 / 0.95 
1118 / 0.30 
1100 / 2.45 
1032 / 7.11 
 
1107 / 2.95 
1011 / 4.05 
 
1011 / 4.52 
1011 / 0.80 
 
  941 / 0.22 
929 / 0.79 
910 / 1.53 
 
 978 / 1.18 
929 / 0.51 
908 / 10.01 
 
 982 / 0.15 
932 / 0.83 
913 / 1.87 
889 / 2.29 
 978 / 0.11 
967 / 0.42 
958 / 0.15 
 
843 / 26.13 
835 / 35.70 
819 / 8.27 
 
887 / 1.64 
854 / 3.64 
845 / 21.61 
835 / 28.26 
820 / 13.58 
885 / 1.84 
838 / 0.24 
804 / 0.94 
 
843 / 17.98 
836 / 31.55 
820 / 7.56 
 
826 / 0.78 
798 / 0.47 
779 / 0.66 
 
842 / 28.89 
832 / 29.22 
 
863 / 0.31 
839 / 0.98 
788 / 1.61 
 
843 / 4.55 
840 / 43.32 
822 / 34.63 
 
844 / 13.03 
841 / 23.89 
834 / 14.90 
821 / 14.74 
 
 666 / 0.44 
605 / 1.11 
 
605 / 0.06 
 
 759 / 0.87 
722 / 0.38 
693 / 0.14 
680 / 0.15 
602 / 0.03 
 
 741 / 0.11 
703 / 0.47 
602 / 0.08 
 
 748 / 0.17 
738 / 0.08 
728 / 0.24 
717 / 1.02 
684 / 1.68 
665 / 0.63 
652 / 0.22 
609 / 1.08 
594 / 0.43 
583 / 0.79 
570 / 0.63 
547 / 7.59 
405 / 0.52 
 
563 / 1.80 
550 / 4.74 
479 / 0.55 
413 / 1.09 
 
 548 / 10.15 
406 / 0.83 
 
 547 / 12.44 
406 / 1.16 
 
 550 / 8.51 
408 / 1.98 
 
551 / 13.94 
519 / 1.07 
460 / 0.14 
446 / 0.07 
421 / 0.42 
406 / 2.94 
390 / 0.31 
381 / 0.24 
372 / 0.35 
364 / 0.12 
319 / 0.92 
254 / 1.82 
189 / 2.65 
 
321 / 2.24 
296 / 1.60 
253 / 2.36 
239 / 0.46 
228 / 0.20 
211 / 0.33 
 319 / 1.75 
294 / 0.56 
253 / 3.02 
222 / 0.12 
198 / 1.73 
183 / 1.75 
 320 / 3.60 
294 / 1.28 
253 / 4.98 
 
  330 / 0.28 
322 / 0.40 
317 / 0.19 
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Figure 1 Raman spectra at 298 and 77 K and the infrared spectra of uranopilite 
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Figure 2 Infrared spectra at 298 of uranopilite in the 1250 to 1750 cm-1 range. 
 
Figure 3 Raman spectra at 298 and 77 K and the infrared spectra of uranopilite 
in the 100 to 500 cm-1 range. 
 
Figure 4 Raman spectra at 298 and 77 K and the infrared spectra of uranopilite 
in the 2500 to 3700 cm-1 range. 
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Figure 1 Uranopilite 
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Figure 2 uranopilite 
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Figure 3 uranopilite 
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Figure 4 uranopilite 
 
 
